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Amides in the Pharmaceutical Industry
• Amides are present in 30% of pharmaceuticals.1
• Increasing the atom efficiency of amide formation is a top 
research priority.1
• Traditional amide synthesis is efficient but unsustainable, 
producing toxic by-products.
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Amidation Catalysts 
• The direct catalytic formation of amides can potentially 
minimize  environmental impact and increase efficiency. 
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• Boronic acid catalysts are not effective enough to be adopted 
by the pharmaceutical industry.3
• Effectiveness is substrate dependent
• Use of high catalyst loadings 
• Long and energy-intensive reflux techniques 
required
• Use of undesirable solvents such as CH2Cl2
Thiourea Catalysts 
• Thioureas are strong hydrogen-bond donors that catalyze a 
variety of useful organic compounds.4
• The Boisvert Lab discovered that they can catalyze amidation
reactions, but their efficiency needs to be increased.
• Novel thiourea amidation catalysts are bifunctional with similar 
catalytic functionality to boronic acid catalysts. 
• Dual hydrogen-bond interactions and stronger electron-
withdrawing substituents make thiourea catalysts promising 
amidation catalyst candidates.
• Synthesize bifunctional thiourea catalysts; compare two 
quinoline derivatives and three pyrazine/pyrimidine derivatives. 
• Investigate the catalytic potential of a novel class of 
thiosquaramide hydrogen-bonding catalysts.
• Evaluate the catalytic activity of new catalysts, and compare 
their effectiveness to that of other known catalysts. 
• Thiosquaramide compounds have previously been synthesized and 
exhibit promising hydrogen-bonding catalytic properties, but these 
compounds have not been tested in a direct amide formation reaction.5
• The synthesis of compounds 3 and 4 followed literature procedures.5
• Catalyst 3 was successfully synthesized and tested in an amidation
reaction.  
• Test the activity of thiourea quinoline catalyst 2 (X=OMe). 
• Find an effective reduction reaction for synthesis of catalyst 
2 (X=OMe).
• Optimize diamine SNAr reactions. 
• Form bifunctional thiosquaramide catalysts.
• The following synthesis was successful in forming imine 
derivatives 1 (X=H, OMe). 
Synthesis of initially targeted catalysts
• Catalyzed amidation reactions were followed by 1H NMR 
spectroscopy over several hours.
• I would like the acknowledge Professor Boisvert for his 
excellent mentorship during every stage of the research 
process. Additionally, I thank the McCormick Student 
Research Grant which provided essential support. 
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• Bifunctional thiourea catalyst 2 (X=H) proceeds at a 
similar rate to the boric acid catalyst.
• The first amidation reaction catalyzed by a 
thiosquaramide was successful, proceeding at a 
similar rate to bifunctional catalysts. 
• The most useful known catalysts are boronic acids.
• Boronic acid catalysts are bifunctional; the hydrogen-bond 
provides electrophilic assistance to facilitate the amine’s 
subsequent nucleophilic attack, and a reactive boronate
ester leaving group is formed.2
•
• Initially, the imine derivatives were the compounds of interest, but they 
proved to be too unstable for catalytic reactions.
• It was hypothesized that reducing the imines would form more stable 
amine catalysts. 
• A reduction using NaBH4 was attempted to stabilize the imine 
compounds and form compounds 2 (X=H, OMe). Although this reaction 
produced significant coproducts, catalyst 2 (X=H) was successfully 
isolated and tested in an amidation reaction. Work is ongoing. 
• First approach: Initial SNAr with diamine
• Second approach: Initial hydrolysis
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• Only one of the SNAr
reactions was successful. 
• The subsequent hydrolysis 
was not successful. 
• SNAr reactions still 
need to be 
optimized. 
• Attempted hydrolyses were successful. 
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